Vowel spectral noise was studied in the sustained phonations of 48 men representing two levels of physiological condition (good and poor) within each of three chronological age groups (25 to 35, 45 to 55, and 65 to 75 years). Results indicated physiological condition was significantly correlated with noise rankings, whereas chronological age and noise were not significantly correlated. These findings support the notion that physiological condition is a significant variable to consider in the analysis of acoustic characteristics of voice.
A
LTHOUGH it is well documented that changes >• in acoustic characteristics of voice occur with advancing chronological age (e.g., Endres et al., 1971) , much variability has been observed within age groupings (e.g., Hollien & Shipp, 1972) . Ramig and Ringel (in press) have suggested that differential physiological aging may be one source of this variability. They studied acoustic characteristics of voice in relation to a measure of physiological aging (physiological condition) (e.g., Bourliere, 1970; Shock, 1962) . They found significant differences in vocal acoustics between individuals of the same chronological ages (65 to 75 years) but in good and poor physiological condition. They attributed these findings to differential degenerative changes in the laryngeal mechanisms of individuals, which were consistent with differential changes measured in their general body physiologyTo investigate further the role of physiological aging in the study of voice, other acoustic variables associated with laryngeal degeneration should be studied. Increases in vowel spectral noise (unmodulated, aperiodic energy occurring during vowel production) have been associated with such laryngeal changes (e.g., Yanagihara, 1967) . Therefore, this investigation was designed to compare vowel spectral noise in the voices of individuals representing different chronological ages and 'The data base for the present study was collected for a doctoral dissertation completed at Purdue University by the author. This study was supported in part by the National Institute on Aging Grant No. AG 01590. Portions of this paper were presented at the annual convention of the American Speech-Language-Hearing Association in Los Angeles (1981 physiological conditions. It was hypothesized that magnitude of noise would be more closely related to physiological condition than to chronological age.
METHOD
Voice recordings analyzed in this investigation were obtained from men in two levels of physiological condition (good and poor) within three chronological age groups (25 to 35, 45 to 55, and 65 to 75 years). Because certain factors have known or suspected effects on voice, individuals with a chronic history of smoking or alcohol abuse, respiratory problems, speech or hearing pathologies (American National Standards Institute, 1969) or professional voice training were excluded from the subject population.
Physiological condition assessment procedure. -To determine the physiological condition of each of 90 potential participants, measurements traditionally used to estimate physiological condition were made: resting heart rate, resting systolic and diastolic blood pressure, percent fat (skin-fold test), and forced vital capacity (Bourliere, 1970) . From each age group the eight men who performed the best and the eight who performed the poorest on these measures were selected; these 48 men comprised the experimental sample. Across the variety of physiological variables measured, overlap between good and poor condition groups at each age level was minimal. In fact, characteristics of body physiology were more homogeneous when the men were classified only by physiological condition than when they were classified only by chronological age (Ramig & Ringel, in press ).
RAMIG
Speech assessment procedure. -Men were seated in a sound-treated booth and fitted with a head band that suspended a condenser microphone (Sony SCM-21) 15 cm in front of the lips. Voice signals were recorded by a high quality tape recorder (Ampex model 351) located outside the booth. Recording levels were consistent throughout the data collection.
Each man was asked to take a deep breath and phonate the vowel /a/ "as long and steadily as possible" at a comfortable frequency and intensity level. This task was repeated three times with sufficient rest periods between trials.
From the three vowels produced by each man, the experimenter selected the one that perceptually was the "steadiest" in pitch and loudness. From the midsection of each of these vowels, a high quality, wide-band sonagram was made. A sonagram is a three dimensional representation of acoustic spectra. Frequency is represented on the ordinate, time is represented on the abscissa, and intensity is reflected by the darkness of the pattern (e.g., Fry, 1979 ) (see Figure 1 ). Adjustments were made to insure that intensity levels were comparable across all sonagrams.
Following the classic procedure established by Thorndike (1910) , four speech scientists, experienced in the reading of sonagrams, classified these 48 sonagrams into five groups equally spaced on the dimension "visual noise." Two representative sonagrams were selected from each of these five groups. These 10 sonagrams were used as stimuli for a standard paired-comparison task (Guilford, 1954) .
Thirty individuals (graduate students in speech pathology) participated in this task and a rank ordering of sonagrams by visual noise was obtained. Visual noise was defined as visually observable spectral noise or unmodulated aperiodic energy. Individuals were instructed to consider noise components in formants 1 and 2, high frequency noise components, and the ratio between periodicity and noise in each sonagram when making their decisions (Yanagihara, 1967) .
RESULTS
Spearman rho rank-order correlation coefficients were calculated between the visual noise rank-order data and rankings of the men's chronological ages and physiological conditions. Results of these analyses revealed that rankings of the men's physiological conditions were significantly correlated with rankings of magnitude of visual noise, rho = .60, t(S) = 2.12, p < .05. Vowels produced by men in good physiological condition were ranked as having the least amounts of visual noise; however, chronological age and visual noise were not significantly correlated, rho = .46, t(S) = 1.46,p> .05.
DISCUSSION
These findings support the hypothesis that magnitude of vowel spectral noise is correlated to a greater degree with physiological condition than with chronological age. They are consistent with the notion that physiological condition is a significant variable to consider in the analysis of acoustic characteristics of voice. If vowel spectral noise had been studied only in relation to speakers' chronological ages, the conclusion of this study would have been that aging (defined chronologically) and magnitude of vowel spectral noise were not significantly related. However, when physiological aging (physiological condition) was considered, the results indicated that magnitude of vowel spectral noise was indeed related to an individual's progression in the physiological aging process.
It has been suggested that vowel spectral noise may originate from turbulent air flow due to incomplete adduction of the vocal folds or from irregular vibratory cycles (Yanagihara, 1967) . Such changes in laryngeal physiology may reflect differential degenerative changes in the cellular, muscular, cartilaginous, or neuromotor systems of the larynx and as such are potential sources for the acoustic differences observed here.
In conclusion, these findings support the view that as physiological changes occur in the body, the laryngeal mechanism also undergoes change. Of particular interest is the relationship between such changes in the general body and acoustic characteristics reflecting laryngeal changes. This relationship provides additional support for questioning the use of chronological age as the only index of aging in voice research.
